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! | f1 \/ (f2 /\ f3) => cnf ((f1 \/ f2) /\ (f1 \/ f3))!
 ! | f1 \/ f2 => (cnf f1) X (cnf f2)!
 ! | f1 /\ f2 => (cnf f1) /\ (cnf f2)

F ::= L!
   |  F /\ F!
   |  F \/ F

F ::= D | D /\ C!
D ::= L | L \/ D

CNF

Correct?  Efficient?



cnf f =!
! case f of!
! | l => l!
! | (f1 /\ f2) \/ f3 => cnf ((f1 \/ f3) /\ (f2 \/ f3))!
! | f1 \/ (f2 /\ f3) => cnf ((f1 \/ f2) /\ (f1 \/ f3))!
 ! | f1 \/ f2 => (cnf f1) X (cnf f2)!
 ! | f1 /\ f2 => (cnf f1) /\ (cnf f2)

F ::= L!
   |  F /\ F!
   |  F \/ F

F ::= D | D /\ C!
D ::= L | L \/ D

CNF

Correct?  Efficient?



F ::= L!
   |  F /\ F!
   |  F \/ F

F ::= D | D /\ C!
D ::= L | L \/ D



cnf f =

F ::= L!
   |  F /\ F!
   |  F \/ F

F ::= D | D /\ C!
D ::= L | L \/ D



cnf f =
! case f of
! | l => l

F ::= L!
   |  F /\ F!
   |  F \/ F

F ::= D | D /\ C!
D ::= L | L \/ D



cnf f =
! case f of
! | l => l
 ! | f1 /\ f2 => (cnf f1) /\ (cnf f2)

F ::= L!
   |  F /\ F!
   |  F \/ F

F ::= D | D /\ C!
D ::= L | L \/ D



cnf f =
! case f of
! | l => l
 ! | f1 /\ f2 => (cnf f1) /\ (cnf f2)
 ! | f1 \/ f2 => 

F ::= L!
   |  F /\ F!
   |  F \/ F

F ::= D | D /\ C!
D ::= L | L \/ D



cnf f =
! case f of
! | l => l
 ! | f1 /\ f2 => (cnf f1) /\ (cnf f2)
 ! | f1 \/ f2 => 
! ! ! (x1 \/ x2) /\
! ! ! (distr_or (~ x1) (cnf f1)) /\
! ! ! (distr_or (~ x2) (cnf f2))

F ::= L!
   |  F /\ F!
   |  F \/ F

F ::= D | D /\ C!
D ::= L | L \/ D



cnf f =
! case f of
! | l => l
 ! | f1 /\ f2 => (cnf f1) /\ (cnf f2)
 ! | f1 \/ f2 => 
! ! ! (x1 \/ x2) /\
! ! ! (distr_or (~ x1) (cnf f1)) /\
! ! ! (distr_or (~ x2) (cnf f2))

F ::= L!
   |  F /\ F!
   |  F \/ F

F ::= D | D /\ C!
D ::= L | L \/ D

(distr_or (~ x) ((d1,1 \/ ... \/ d1,k) /\!
! ! ! ! ! ! !  ... /\!
! ! ! ! ! ! !  (dm,1 \/ ... \/ dm,n)) =!
!
! ((~x \/ d1,1 \/ ... \/ d1,k) /\!
!  ... /\!
!  (~x \/ dm,1 \/ ... \/ dm,n))



cnf f =
! case f of
! | l => l
 ! | f1 /\ f2 => (cnf f1) /\ (cnf f2)
 ! | f1 \/ f2 => 
! ! ! (x1 \/ x2) /\
! ! ! (distr_or (~ x1) (cnf f1)) /\
! ! ! (distr_or (~ x2) (cnf f2))

F ::= L!
   |  F /\ F!
   |  F \/ F

F ::= D | D /\ C!
D ::= L | L \/ D



Resolution

Ca : (a1 \/ a2 \/ ... \/ p \/ ... \/ ak)

Cb : (b1 \/ b2 \/ ... \/ ~p \/ ... \/ bn)

(a1 \/ ... \/ ak \/ b1 \/ ... \/ bn)



Unit Resolution
Ca : p

Cb : (b1 \/ b2 \/ ... \/ ~p \/ ... \/ bn)

(b1 \/ ... \/ bn)



Unit Resolution
Ca : p

Cb : (b1 \/ b2 \/ ... \/ ~p \/ ... \/ bn)

(b1 \/ ... \/ bn)

  Intuition: modus ponens
!

  p /\ (p -> b1 \/ ... \/ bn)!
-----------------------------!

(b1 \/ ... \/ bn)



Unit Resolution
Ca : p

Cb : (b1 \/ b2 \/ ... \/ ~p \/ ... \/ bn)

(b1 \/ ... \/ bn)

Boolean Constraint Propagation



Unit Resolution
Ca : p

Cb : (b1 \/ b2 \/ ... \/ ~p \/ ... \/ bn)

(b1 \/ ... \/ bn)

Boolean Constraint Propagation
bcp f =!
! case pick_unit_clause f of!
! | x => bcp (f[x    ])!
! | NONE => f!

7!>



dpll f =!
! f’ = bcp f!
! case f’ of!
! |    => SAT!
! |    => UNSAT!
! | _  =>!
! ! x = pick_var f’!
! ! if dpll f’[x    ] = SAT then!
! ! ! SAT!
! ! else!
! ! ! dpll (f’[x    ])

?
>

7!

7!

>

?

Davis Putnam Logemann Loveland



Pure Literal Propagation

If a literal only occurs 
positively,>

If a literal only occurs 
negatively,?



dpll f =!
! f’ = plp (bcp f)!
! case f’ of!
! |    => SAT!
! |    => UNSAT!
! | _  =>!
! ! x = pick_var f’!
! ! if dpll f’[x    ] = SAT then!
! ! ! SAT!
! ! else!
! ! ! dpll (f’[x    ])

?
>

7!

7!

>

?

DPLL + PLP


